I present detailed analysis of the near-infrared spectrum of HD 3651B, a faint, co-moving wide companion to the nearby planet-hosting star HD 3651. The presence of strong H 2 O and CH 4 absorption bands confirm this source as a late T-type brown dwarf with spectral type T8. Application of the technique of Burgasser, Burrows & Kirkpatrick yields T ef f = 840±80 K, log g = 4.9±0.2, M = 30±10 M Jup and an age in the range 0.7-3.4 Gyr, making HD 3651B a slightly warmer analog to the field T8 2MASS 0415-0935. The derived age for this companion is somewhat better constrained than estimates for its primary, which ranges from ∼2 Gyr to >12 Gyr. As a widely orbiting massive object to a known planetary system that could potentially harbor terrestrial planets in its habitable zone, HD 3651B may play the role of Nemesis in this system.
Introduction
Mugrauer et al. (2006) have recently reported the discovery of a co-moving, widelyseparated (43 ′′ ; 480 AU projected separation) companion to the nearby K0 V dwarf HD 3651. On the basis of its intrinsic faintness in the near-infrared H-band and absence of an optical counterpart, the discoverers conclude that this companion is likely to be a low-temperature brown dwarf. The HD 3651 system also hosts a close-in (a = 0.296±0.017 AU), higheccentricity (e = 0.64±0.04) sub-Saturn-mass planet (Msin i = 0.227±0.023 M Jup 1 ), HD 3651b, identified from radial velocity variability (Fischer et al. 2003) . While several exoplanet-host stars are known to have stellar stellar-mass companions (e.g., Patience et al. 2002; Eggenberger, Udry & Mayor 2004; Raghavan et al. 2006) , HD 3651ABb is the first star/brown dwarf/planet system to be identified, and is therefore a key target for studies of all three of these mass-delineated classes.
In this Letter, I present low-resolution near-infrared spectroscopy of HD 3651B, obtained with the SpeX instrument (Rayner et al. 2003 ) mounted on the 3m NASA Infrared Telescope Facility (hereafter IRTF). Observations and their results are described in § 2, including the spectral classification of HD 3651B. In § 3, the technique of Burgasser, Burrows & Kirkpatrick (2006, hereafter BBK) is applied to derive the effective temperature (T ef f ), surface gravity (log g), mass and age of this source, and comparison is made to the published age estimates of the primary. Finally, in § 4 I speculate on the role of HD 3651B as a Nemesis analog to any habitable planets that may be present in the HD 3651 system.
Observations
HD 3651B was observed with SpeX on 2006 September 3 (UT) under clear and dry conditions with good seeing (0.
′′ 7 at J-band). The target was initially acquired using the SpeX guiding camera by first centering on the K0 V primary and then offsetting to the position of the companion (43 ′′ at position angle 290
• ; Mugrauer et al. 2006) . Low resolution near-infrared spectral data for HD 3651B were then obtained using the SpeX prism mode and 0.
′′ 5 slit, yielding a spectral resolution λ/∆λ ≈ 120 and dispersion across the chip of 20-30Å pixel −1 . The slit was aligned to the parallactic angle to mitigate differential refraction effects. Eight exposures of 180 s each were obtained in an ABBA dither pattern along the slit, for a total integration time of 1440 s at airmass 1.06. As HD 3651B is quite faint, the telescope was guided on a nearby source present in the guide camera's field of view. The A0 V star HD 7215 was observed immediately afterward and at a similar airmass for flux calibration. Internal flat field and Ar arc lamps exposures were also acquired for pixel response and wavelength calibration. All data were reduced using SpeXtool version 3.3 (Cushing, Vacca, & Rayner 2004 ) using standard settings (cf. Burgasser et al. 2004) . companion brown dwarf Gliese 570D (Burgasser et al. 2000) and the T8 field brown dwarf 2MASS J04151954-0935066 (Burgasser et al. 2002, herafter 2MASS 0415-0935) . The strong H 2 O and CH 4 bands present in the spectrum of HD 3651B confirm the suspicions of Mugrauer et al. (2006) that this object is a late T-type brown dwarf. Indeed, the 1.6 µm CH 4 band is amongst the deepest observed, and the triangular K-band peak is typical of T7-T8 dwarfs (Burgasser et al. 2002) . Classification of this source was done using the spectral indices of , see also Burgasser et al. 2002 and Geballe et al. 2002 . The measurements and associated subtypes were as follows:
.134 (T7.5) and CH 4 -K = 0.043 (T8), for a mean classification of T8. This type is consistent with the similarity of the spectrum of HD 3651B to that of 2MASS 0415-0935, and is one of only three T8 dwarfs known (Burgasser et al. 2002; Tinney et al. 2005) .
The Physical Properties of HD 3651B
.
As a companion to a well-studied, nearby star, the properties of HD 3651B could be readily derived by adopting the age and metallicity of the primary (e.g. Kirkpatrick et al. 2001; Wilson et al. 2001) . Alternately, the semi-empirical technique described in BBK can be employed. This method involves the comparison of H 2 O and color spectral ratios measured on the spectrum of a late T dwarf, which are separately sensitive to T ef f and log g, to the same ratios measured on theoretical spectral models, with the latter calibrated to reproduce the physical parameters of Gliese 570D (T ef f = 784-824 K, log g = 5.0-5.3; Geballe et al. 2001) . Figure 2 illustrates the (T ef f , log g) phase spaces over which two of the spectral ratios measured for HD 3651B match calibrated values from the models; their intersection yields robust constraints on these parameters for the source. Four pairs of indices were compared between (H 2 O-J, H 2 O-H) and (K/J, K/H) 2 , and theoretical spectral models from Allard et al. (2001, COND models) and Burrows, Sudarsky & Hubeny (2006) were both examined. This analysis yielded T ef f = 840±80 K and log g = 4.9±0.2 (cgs), where uncertainties take into account the full spread of values obtained in the eight separate fits. This is comparable to parameters derived for 2MASS 0415-0935, T ef f = 820±80 K and log g = 4.9±0.2, following the same fitting technique. There is an suggestion that both sources are somewhat warmer than the earlier-type and somewhat older Gliese 570D, perhaps due to the interplay between T ef f and log g on the emergent spectral energy distribution (BBK); however, these difference are not statistically significant.
The T ef f and log g values of HD 3651B infer a mass M = 30±10 M Jup and age range of 0.7-3.4 Gyr, based on the evolutionary models of Burrows et al. (2001) and Baraffe et al. (2003) . Again, these are comparable to values for 2MASS 0415-0935. An independent estimate of mass can be obtained from the bolometric luminosity (L) of HD 3651B by the relation M = Lg/4πGσT 4 ef f . Using an MKO 3 H-band bolometric correction for 2MASS 0415-0935 (BC H = 2.16±0.13; Leggett et al. 2002; Golimowski et al. 2004 ) and an absolute H-band magnitude of 16.52±0.16 (Mugrauer et al. 2006) An older age is consistent with the overall chromospheric inactivity of this source (Wright et al. 2004 , although a Maunder minimum-like phase cannot be ruled out; Baliunas & Jastrow 1990); its long rotation period (48 days; Noyes et al. 1984) ; and its UV W space velocities, which lie outside of the young disk "Eggen box" (Eggen 1989 ). However, like many planethosting stars, HD 3651A appears to be slightly metal-rich ([Fe/H] = 0.12±0.04; Santos, Israelian & Mayor 2004) , so it is clearly not a very old, metal-poor halo star (beyond this there is little correlation between age and metallicity; Boesgaard 1989) . There is clearly little consensus on the age of HD 3651A, and it is therefore difficult to assess whether the age estimate for the brown dwarf coincides with the age of the primary, an important check on the validity of the BBK technique and/or the evolutionary models. However, a system age in the 2-3.5 Gyr range would be consistent with estimates for both components.
HD 3651B: An Extrasolar Nemesis?
HD 3651B is the sixth T dwarf discovered as a wide companion to a nearby star 4 , but the first wide brown dwarf companion found in a system hosting at least one known planet. This raises an interesting question: how has the evolution of the HD 3651 planetary system -and specifically the development of life on any putative habitable planets in this system -been influenced by the distant brown dwarf companion? This question is appropriate, as putative terrestrial bodies within a portion of HD 3651A's habitable zone (Kasting, Whitmire & Reynolds 1993) can persist without dynamical disruption by HD 3651b (Jones, Underwood & Sleep 2005) , even considering the giant planet's probable inward migration (Mandell & Sigurdsson 2003) . At a projected separation of 480 AU, implying a semi-major axis in the range 250-1000 AU (Torres et al. 1999) , HD 3651B lies interior to the region occupied by Oort cloud comets in the Solar System. If an analog of the Oort cloud exists in the HD 3651 system, possibly resulting from the migration of HD 3651b (Oort 1950) , then HD 3651B could scatter a significant fraction of these small bodies back into the inner regions of the planetary system, resulting in heavy bombardment of any terrestrial bodies therein. However, high rates of impact early on need not be harmful to the development of life, and may indeed facilitate its emergence. In the case of the Earth, the late heavy bombardment period between 4.5 and 3.8 Gyr ago resulted in one particularly cataclysmic impact that formed the Moon (Hartmann & Davis 1975) , whose tidal forces have maintained Earth's tilt to the Sun and thereby reduced climate variation. Impacts of icy bodies may have brought necessary water ice to Earth's surface (Chyba 1987) as well as chemical precursors to biotic life (Chyba et al. 1990 ). On the other hand, later impacts clearly have a negative effect on the evolution of macrobiotic life; e.g., the K-T extinction impact (Alvarez et al. 1980; Hildebrand et al. 1991) .
As an instigator of cometary infall, HD 3651B may play the role of Nemesis in the HD 3651 system. This hypothesized companion to the Sun (Davis, Hut & Muller 1984; Whitmire & Jackson 1984) has been proposed to explain apparent periodicities in massive extinctions (Fischer & Arthur 1977; Raup & Sepkoski 1984; Hut et al. 1987 ), terrestrial cratering rates (Alvarez & Muller 1984; Rampino & Stothers 1984) , reversals of Earth's magnetic fields (Raup 1985) and, more recently, the peculiar orbits of inner Oort Cloud planetoids (Brown, Trujillo & Rabinowitz 2004; Gaudi & Bloom 2005) . If HD 3651B were present in the Solar System, it would be invisible to the naked eye (M V ∼ 27 implies V ∼ 9) but readily detected by Hipparcos (Perryman et al. 1997 ) and wide-field near-infrared surveys (J ∼ −1). However, searches for Nemesis have all turned up negative (e.g., Perlmutter 1986). The HD 3651 system, on the other hand, appears to have its own version of Nemesis in HD 3651B.
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Facilities: IRTF(SpeX) -Phase spaces of T ef f and log g constrained for HD 3651B by the indices H 2 O-J and K/H using the technique of BBK and spectral models from Burrows, Sudarsky & Hubeny (2006) . The intersecting cross-hatched region provides a robust constraint on these two physical parameters.
